We have determined a 17484 bp nucleotide sequence around the 39" region, located about 480 kb downstream from the zero position of the Bacillus subtilis chromosome physical map. Among the 17 putative ORFs identified, orfl and orf2 seem to correspond to mtlA and mtlB, encoding mannitolspecific phosphotransferase enzyme II and mannitol-I-phosphate dehydrogenase, respectively. O f f 4 seems to be another signal peptidase I gene (sips) of B. subtilis. The putative products of six ORFs were similar to known proteins in data banks, namely a hypothetical 29.7 kDa protein of Escherichia coli (0rf7)# a lactam utilization protein (orf8), the urea amidolyase of yeast (Orflz), the IclR regulatory protein for aceAB of Salmonella typhimurium (0rf13)# penicillin-binding protein 2 (Orf16) and aryl-alcohol dehydrogenase (Orfl7). The amino acid sequence of Orf3 showed 34% identity with that of LeuC of B. subtilis, though they seem to be functionally different. The remaining seven ORFs did not show similarity to any known proteins.
The DNA segment of the linking clone pNEXT59 has been located near the 39" region of the Bacillus szlbtilis chromosome (Itaya & Tanaka, 1991) . The region lies about 480 kb downstream from the zero position of the B. szlbtilis physical map and approximately 450 kb downstream from the replication origin, oriC. As part of the B.
szlbtilis genome cooperative project between European and Japanese laboratories to determine the entire B.
szlbtilis genome nucleotide sequence, we sequenced and analysed 17484 bp of the 39" region.
Nineteen independent clones containing the pNEXT59 DNA region were isolated by plaque hybridization (Sambrook e t al., 1989 ) using 32P-labelled pNEXT59 as a probe from a ADASHII library of the B. szlbtilis 168 trpC2 chromosome partially digested with San3AI. Among them, clones 74 and 333 were used for sequence analysis. An upstream region (region A in The GSDB/EMBUDDBJ/NCBI accession number for the nucleotide sequence reported in this paper is D38161. (Ochman e t al., 1988) using the restriction enzyme PstI. Fig. 1 
AAtAGGAccgggcaggctggcatgtg
AAAGGAGatataaaatg AAAGaGAGGTacatatatg AGGAGaTcc t a g t g t t a t g AAAGcgGGcagc t g g tcattg AAAGGAatcca t t c c g c a g g t g
AAg t GGAGc a a t t a a a caaaatg AAaGAGGTgagaaagatg AAacgGGAtgaa tgatg GGAGGaaagaacatg atg AAGGcAGGGaaag tcatg AAaGAGGga t t t tgcatg sequencing using a Dye Primer Cycle Sequencing Kit (Applied Biosystems). The sequences at the gaps and junction regions of the DNA fragments were determined using region-specific primers and the Taq DyeDeoxy Terminator Cycle Sequencing Kit (Applied Biosystems) as described previously (Ogawa etal., 1995) . The compiled sequences were analysed using BLAST e-mail servers in the Human Genome Center, Institute of Medical Science, University of Tokyo, Japan, as described previously (Ogawa et al., 1995) . One BamHI, eight EcoRI and three PstI restriction sites were detected in this DNA region, but there were no BgAI sites. Putative ORFs in the region were searched in all six possible translation fr\ames. Based on the length of the ORF and the presence of a preceding Shine-Dalgarno (SD) sequence, 17 putative ORFs starting from an ATG, GTG or TTG initiation codon were identified ( Fig. 1 and Table 1 ). The initiation codon for 13 of them was ATG, for orf5 and o r -10 it was GTG and for or-# and or-?) it was TTG. No suitable SD sequences were identified for or-3 or or-IS.
The orientation of transcription and translation of all 17 ORFs was the same; no sizeable ORF was found in the opposite orientation. The amino acid sequence of the putative product of each ORF was compared with the non-redundant protein data banks and the results are summarized in Table 2 . Ten ORF products (Orfl, Orf2, Orf3, Orf4, Orfl, Orf8, Orf12, Orf13, Orf16 and Orfl7) were similar to known proteins. However, none of the ORFs had sequence identity with a known B. mbtilis gene.
or-1 encodes a polypeptide of 610 amino acids (aa) and its sequence showed similarity over the entire length with those of mannitol-specific phosphotransferase enzyme I1 (MtlA) of Escbericbia coli (637 aa), and mannitol transport protein of Bacillus stearotbermopbih (471 aa) and Stapkylococcus carnosus (505 aa). There are highly homologous regions in the N-terminal 370 aa of the four enzymes, whereas the aa sequences around position 400-500, corresponding to the middle region of the E. coli enzyme, differed. However, the identity in the C-terminal 100 aa regions of Orfl and the E. coli enzyme was about 50 %. Therefore, Orfl is the counterpart of mannitolspecific phosphotransferase enzyme I1 in B. subtilis.
Furthermore, the deduced aa sequence of Orf2 (366 aa) has similarity to those of mannitol-1 -phosphate dehydrogenase (MtlD) of E. coli (382 aa) and Streptococctls mgtans (357 aa). Therefore, or-1 and or-2 in this DNA region are the counterparts of mtlA and mtlD of E. coli. The two genes seem to correspond to mtlA, the mutants of which lack mannitol transport, and mtlB encoding mannitol-1-phosphate dehydrogenase of B. stlbtilis, although their nucleotide sequences have not been determined (Chaudhry e t al., 1984) . The location of these two genes nearly coincides with the mtlA and mtlB loci on the genetic map of B. subtilis (Anagnostopoulos e t al., 1993) .
The aa sequence of Orf3 comprises 178 residues with low similarity to the middle region of LeuC (3-isopropylmalate dehydrogenase, which acts at the third step of leucine biosynthesis) of B. subtilis. This gene encodes a polypeptide of 365 aa and has been mapped at 247" on the chromosome. It is therefore unlikely that or-3 encodes LeuC; it may have another function in B. szlbtilis.
The predicted aa sequence of Orf4 (1 84 aa) showed 46-2 % identity with that of Sips (1 84 aa) The 39" B. szlbti1i.r chromosomal region on the chromosome (Sorokin etal., 1993) . The aa sequence of Orf4 also showed low similarity to signal peptidase I (Lep) of E. coli, and four highly homologous regions (A-D) were detected in Orf4, Sips and Lep of E. culi and Salmonella ty~himurium (Fig. 2) . Furthermore, three amino acid residues, corresponding to Ser43, Lys83 and Asp153 of Sips, which are critical for signal peptidase activity (van Dijl e t al., 1995) , were also conserved. Therefore, it is likely that Orf4 is another signal peptidase I of the Sips type. To determine how many genes encoding Sips-like proteins are present in the B. stlbtilis chromosome, we performed DNA-DNA hybridization experiments. By comparing the nucleotide sequences between sips and orf4, we found a highly homologous region between positions 4742 and 5019. We prepared a 278 bp fragment by PCR using the DNA of clone 333 as the template and two specific oligonucleotides as primers. Since this fragment and its homologue are contained in the 4.5 and 3-6 kb PvdI fragments around orf# and sips, respectively, Southern hybridization was performed using PvtlIIdigested B. stlbtilis chromosomal DNA and a 32P-labelled 278 bp fragment as probe. Four positive bands (4.5, 3.6, 3.0 and 0.7 kb) were detected. Among them, the 4.5 and 3.6 kb bands gave strong signals while the other two (3.0 and 0.7 kb) were weak (data not shown). These results indicated that there are at least two signal peptidase I genes (and probably two more) in the chromosome.
orfl2 and or-16 may be the genes for urea amidolyase and penicillin-binding protein 2, respectively. The aa sequence of Orfl7 showed very low similarity to that of arylalcohol dehydrogenase of Phanerocbaete chrysosporitlm.
The products of orf5, orf6, orf9, o r f l I , orfl4 and orfl.5 were not similar to any known proteins in the data banks.
